in this chapter is fairly exhaustive and within the space of a few pages succeeds in bringing out the underlying physics in the conservation equations for reacting flow and their implications for unsteady combustion modeling. In particular, the annotations, mentioned as "Aside" in the book are particularly useful in this context. This chapter very effectively prepares the ground for the subsequent discussions in the book.
The second chapter similarly introduces the basic framework of linear and nonlinear stability analysis. Starting from the decomposition of variables into basic state and perturbations, the chapter goes on to discuss nonlinearities like limit cycles and subcritical bifurcations. In particular, considering the still relatively recent but fast growing literature on use of concepts of nonlinear dynamic systems for analysis of combustion instabilities, this exposition will definitely help researchers with no prior exposition to nonlinear dynamic systems approach to get initiated to the area.
The next two chapters deal with hydrodynamic instability. The third chapter is, again, a concise but very useful introduction to the basic concepts of hydrodynamic instability covering topics like temporal and spatio-temporal instabilities and absolute and convective instabilities. The fourth chapter illustrates the applications of the concepts introduced in the previous chapter through flow configurations of direct relevance to combustion systems without explicitly bringing in chemical reactions.
The fifth and the sixth chapters deal with acoustics. Like the treatment of hydrodynamic instability in Chapter -3, the fifth chapter introduces the basics of acoustic wave propagation. Since this book does not assume any prerequisite in acoustics, the treatment in this chapter is, understandably, more detailed than the previous chapters. However, Chapter -5 limits itself to only acoustic energy propagation. The generation of acoustic energy through heat release rate fluctuations, which is the major distinctive feature of thermoacoustics is dealt with in Chapter -6. This chapter also discusses the effects of mean flow and complex geometries, which complicate the analysis but have to be considered for combustion systems. In all these chapters, the author has successfully introduced the complexities associated with heat release but has not explicitly involved combustion in the treatment. Instead the focus has been on the hydrodynamic and acoustic aspects alone, particularly under nonisothermal conditions. Thus these chapters can also be useful for researchers working in areas other than combustion which involve hydrodynamic instabilities and acoustic wave propagation.
The second part of the book integrates the concepts used in the earlier chapters with various dynamic aspects of combustion. The coupling of finer aspects of combustion, which are typically covered in advanced courses on combustion, like flame stretch with hydrodynamic and acoustic instabilities is a recent trend in literature. The earlier trend in research on thermoacoustic instabilities was to simplify the combustion model to the extent possible and introduce it as a source term in acoustic wave equation. However, a number of research groups around the world, including that of the author, are increasingly adopting the coupled approach involving fairly detailed combustion models along with hydrodynamic and acoustic instabilities. However, there has been very little analysis of this coupling and compilation of this new but fast growing literature. This book will be very useful from that perspective.
The seventh and the eighth chapters deal with flow-flame interaction and ignition. Both the chapters involve coupling of topics like flame stretch and flame vortex interactions. The concept of flame stretch, however, is dealt with in greater detail in Chapter -9, where the impact of combustion dynamics on the internal structure of flames is discussed. As in the first part of the book, here, also, the "asides" help to highlight relatively less obvious features involving interaction of combustion with hydrodynamics and/or acoustics. In particular, these chapters help to highlight the broader implications of the subject of combustion dynamics beyond the traditional focus on thermoacoustic instabilities. Chapter -9, in particular, discusses some traditional flame dynamics problems like flame propagation, edge flames and thermodiffusive instabilities. Although detailed analyses of these topics are available in advanced texts on combustion fundamentals, their inclusion in this book establishes the importance of these phenomena in a discourse on unsteady effects in combustion.
Chapter -10 discusses features like flashback, blowout and extinction which are observed even in nominally steady flows but are severely affected by presence of thermoacoustic instabilities. Since these phenomena are primarily brought about by competition of chemical and flow timescales, thorough knowledge of these is essential in the context of development of new grades of fuels with widely different properties and the need for adapting conventional fuel burners to new fuels like syngas and biogas and designing fuel-flexible burners.
The last two chapters of the book deal with response of flames to external disturbances. These chapters highlight the influence of external forcing at different length and time scales associated with the flame. These treatments require a thorough understanding of all the topics covered earlier in the book. The final chapter of the book deals with effects of external forcing on heat release dynamics.
Overall, this book represents a very useful addition to the combustion pedagogy. In particular, the unified treatment of the various phenomena involved in combustion dynamics will be very useful for both beginners and experienced researchers in the field of combustion dynamics. The attractive feature of the book is the fine balance it strikes between breadth and depth of coverage although the present reviewer prefers a more elaborate discussion on thermodiffusive and hydrodynamic instabilities of flames and some discussion on dynamic characterization of flames beyond limit cycles (e.g., transition to chaos, which have been observed in a wide range of systems from simple Bunsen burners to gas turbine combustors). The format of the book, in the form of a textbook, rather than a monograph, would also enable its adoption for advanced level graduate courses like combustion dynamics. The exercises at the end of the chapters, though a little involved at times, are also very illuminating.
